Although multiple case reports have demonstrated the capability of transoesophageal echocardiography (TOE) to detect unsuspected cardiac pathology with important therapeutic implications, few studies have examined the effect of real-time interpretation of routine TOE on clinical management of a typical series of cardiac surgery patients. To assess the impact of intraoperative TOE on cardiac surgical management, we conducted a prospective observational study on 238 consecutive patients undergoing intraoperative TOE during adult cardiac surgery. Potentially important new diagnostic information was detected in 39 of 184 (21%) routine and in 53 of 54 requested TOE examinations, and led directly to different surgical procedures in 11 of 184 (6%) routine and in 12 of 54 (22%) requested TOE examinations. Our data suggests that intraoperative TOE may be a valuable tool in the routine management of adult cardiac surgical patients.
Without interruption of surgery, intraoperative transoesophageal echocardiography (TOE) allows continuous and sensitive monitoring of global and regional left ventricular (LV) function and volume [1] [2] [3] . TOE can also provide valuable information about cardiovascular anatomy and physiology that is not obtainable by inspection of the heart or analysis of haemodynamic data 4 . Before cardiopulmonary bypass (CPB), TOE assessment may help refine understanding of cardiac pathology and lead to alternative forms of surgical and anaesthetic management. After CPB and before decannulation, TOE can detect persistent dysfunction and unexpected complications requiring immediate surgical revision.
Because of its powerful monitoring and diagnostic capabilities, TOE is increasingly being used during cardiac surgery by both anaesthetists and cardiologists. While the importance of TOE in mitral valve repair (MVRep) [5] [6] [7] and complex congenital heart surgery 8, 9 has been well established, the clinical utility of routine TOE during adult cardiac surgery is controversial 10, 11 . The aim of this study was to assess the impact of intraoperative TOE on cardiac surgical management in a major teaching hospital adult cardiac surgical unit.
METHODS
Following approval of the Hospital Ethics Committee, 238 consecutive adult patients who underwent intraoperative TOE examination by one of the authors during cardiac surgery from October 1993 to August 1995 were entered into this prospective observational study. Echocardiographic examinations were performed whenever one of the investigators was available to the cardiac operating room, and were classified as requested or routine TOE. Requested TOE was an examination specifically requested by the cardiac surgeon to assist with the planning of the procedure. Examinations not requested by the surgeon were classified as routine TOE. Both investigators are anaesthetists who have had extensive training and experience in TOE over a two-year period before the commencement of the study.
All patients were continuously monitored by the attending anaesthetist with ECG (calibrated lead II and V5), automatic ST segment analysis and systemic arterial, central venous and pulmonary artery pressures. Thermodilution cardiac output estimations, pulmonary artery occlusion pressure and haemodynamic calculations were obtained when clinically indicated.
Echocardiographic examination was accomplished with a 5.0-MHz Omniplane TOE probe inserted after intubation of the trachea. The probe was connected to an ultrasonograph (Hewlett Packard Sonos 1000, Andover MA), and a comprehensive echocardiographic examination of the heart and great vessels performed 12 and recorded on videotape. The probe was then left in the transgastric position to allow continuous monitoring of LV function from the short axis section of the LV at the mid-papillary muscle level 4 . After CPB the echocardiographic examination was focused on the state of regional and global LV contraction, volume status and adequacy of any surgical repair. Results of the echocardiographic examination were communicated to the surgeon and the attending anaesthetist and documented.
The influence of the results of the echocardiographic examination on operation performed, cannulation technique and medical therapy were recorded. Following discussion with the attending surgeon, anaesthetist and medical perfusionist, the impact of intraoperative echocardiographic findings on patient management was then classified into four categories (modified from Deutsch 13 ):
Essential-Information provided by TOE led directly to an altered surgical procedure, and could not be obtained from haemodynamic analysis or direct inspection of the heart by the surgeon;
Valuable-Information provided by TOE led to an altered surgical procedure; however, similar information may have been obtained by haemodynamic analysis or direct inspection of the heart by the surgeon, but usually with greater delay and less certainty;
Informative-Information provided by TOE did not lead to an altered surgical procedure, but was of diagnostic and therapeutic importance beyond assessment of cardiac filling and global LV performance.
Insignificant-Information provided by TOE did not lead to an altered surgical procedure, and was not of diagnostic and therapeutic importance beyond assessment of cardiac filling and global LV performance.
Intraoperative echocardiographic findings were confirmed by a second reader in our normal clinical review process.
RESULTS
Two hundred and thirty-eight patients (mean age 63.3 years, range 23-84; 151 men, 87 women) were studied (approximately 20% of the total cardiac surgical cases performed at our institution during this period). There was no major morbidity attributable to the technique. In one patient with a hiatus hernia, who had undergone outpatient TOE, the probe could not be passed beyond 30 cm from the mouth to obtain short axis sections of the LV. In another patient the probe could not be passed beyond 45 cm. A further patient with a known pharyngeal pouch and failed outpatient TOE probe insertion was scheduled for mitral valve repair. After discussion with the cardiac surgeon the probe was inserted into the oesophagus without difficulty.
Routine TOE examinations were performed in 184 patients and requested TOE examinations were performed in 54 patients (46 elective, 8 urgent). In 159 cases the echocardiographer also had clinical responsibilities (sole anaesthetist-31, supervisor of anaesthesia registrar-77, medical perfusionist-51).
Cardiac surgical procedures performed were: 136 coronary artery bypass grafts (CABG), 27 aortic valve replacements (AVR), 19 MVRep (4 with CABG), 17 mitral valve replacements (MVR), 19 combined CABG and valve replacements, five double valve replacements, three repairs of ascending aortic dissection, two CABG and excisions of LV aneurysm, two cases of pulmonary embolectomy (one with CABG), two cases of drainage of pericardial effusion and one each of excision of left atrial (LA) myxoma, repair of ascending aortic aneurysm, exploration of possible ruptured pulmonary artery, resection of right ventricular outflow tract obstruction, repair of coarctation of the aorta (with CABG) and exploration of malfunctioning mitral valve prosthesis.
Routine TOE
Routine TOE examinations were performed in 120 patients undergoing CABG (median number of grafts was three and 5% were reoperations). Significant new findings occurred in 25 patients (21%) (Figure 1 , Tables 1 and 2 ). In the three patients with segmental wall motion abnormality (SWMA) who underwent graft revision, the location of the SWMA corresponded to the perfusion territory of grafts which the surgeons were concerned with and felt could be improved. In all three patients wall motion abnormalities resolved immediately following repeat cross clamping, cardioplegia administration and graft revision.
Routine TOE examinations were performed in 64 patients undergoing valve replacement and other cardiac surgical procedures. Significant echocardiographic findings occurred in twelve patients (19%) ( Figure 1 and Table 3 ).
Requested TOE-elective
Significant diagnostic information was provided by TOE in 45 of 46 patients requested electively by the surgeons (Figure 1 and Table 4 ). TOE examination refined the preoperative diagnosis before CPB and confirmed surgical repair after CPB.
Requested TOE-urgent
Seven of the eight TOE examinations urgently requested by the cardiac surgeons (5 CABG, 1 AVR, 1 AVR/CABG) were referred because of problems in separating from CPB. Findings were classified as essential in one patient undergoing CABG in whom severe mitral regurgitation (MR) requiring valve replacement was found. Findings were informative in six patients (five patients had acute segmental wall motion abnormalities (SWMA) not suitable for surgical correction, one patient had SWMA and moderately severe aortic regurgitation (AR), and normal prosthetic valve function was confirmed in the two patients who underwent aortic valve replacement). One patient undergoing CABG was referred because of the unexpected finding of marked dilatation of the aortic arch at sternotomy. Echocardiography was informative as it excluded severe atheroma and aortic valve disease, and cannulation of the aorta and CPB proceeded uneventfully.
All but one of the echocardiographic diagnoses that were able to be evaluated during the course of the surgery (e.g. left atrial thrombus) were confirmed by the surgeon. In one patient, misinterpretation of a reverberation artefact led to the incorrect diagnosis of patent foramen ovale and an unnecessary right atriotomy was performed. Postoperative course was uneventful.
DISCUSSION
This study demonstrates the significant impact of intraoperative TOE on the conduct of cardiac surgery by providing diagnostic information unobtainable by pulmonary catheterization and direct examination of the heart by the surgeon. The most important finding was the impact of TOE on a subgroup of patients in whom the cardiac surgeons did not feel there was a particular indication for TOE. Routine TOE in these patients provided potentially significant new diagnostic information in 21% of coronary artery bypass and other cardiac surgical procedures. In particular, TOE examination in 6% of these patients was classified as essential, that is, it provided unsuspected diag- 289 
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Our study highlights the importance of careful and complete echocardiographic examination rather than assessment of the LV alone 14 . Only four of the thirteen essential findings during routine TOE would have been detected by monitoring of the LV alone, and clearly, full diagnostic examinations were required for requested TOE.
Although multiple case reports have demonstrated the capability of TOE to detect unsuspected cardiac pathology with important therapeutic implications, few studies have examined the effect of real-time interpretation of routine TOE on clinical management of a typical series of cardiac surgery patients. Deutsch and colleagues found that intraoperative TOE provided "essential" diagnostic information in 2 of 50 patients (4%) undergoing CABG 13 . However their patient numbers were smaller than the present study, invasive monitoring was less commonly used, and the definition of impact included effects on anaesthetic as well as surgical management. Other reports of the value of routine intraoperative TOE during cardiac surgery found significant alterations in the surgical plan in 6-57% of patients [15] [16] [17] . Comparison of these studies to the present study is difficult as few details were available in these preliminary reports.
The high yield of diagnostic information provided by routine TOE during cardiac surgery may reflect an aging population with co-existing disease, such as atherosclerosis in the thoracic aorta 18 including TOE may not uncover the same information as intraoperative TOE, as changes in ventricular and valvular function may occur after preoperative assessment (e.g. severity of mitral regurgitation 5 and thrombus in cardiac chambers). Furthermore preoperative TOE would not reveal the effects of CPB or confirm the success of the surgical procedure. Limitations of our study include lack of randomization, potential classification bias and no outcome assessment.
Cases studied were not randomized. In an attempt to minimize recruitment bias, all patients examined by the authors during the period were included in the study. Furthermore the routine TOE patients were studied whenever an investigator was available regardless of perceived operative risk or surgical team. When we compared the 120 CABG patients undergoing routine TOE with the 700 patients who underwent CABG with no intraoperative TOE during the same time period there were no significant differences in age (mean 64 years), sex ratios ( 75% male), previous operation rate (5%), hypertension (56%), diabetes (21%) left ventricular function on a 6 point scale (median 4), cross-clamp time (median 54 min), total bypass time (median 85 min), number of grafts (median 3) and use of internal mammary arteries (median 1) between the two groups. The patients studied, however, may not be representative of patients in other institutions.
Any classification system is to some extent subjective. To minimize classification bias we assessed impact on surgery rather than anaesthetic management, used clearly defined categories based on a previously published system and final assignment was based on real-time consensus of all involved clinicians (especially the surgical team who were not investigators). Furthermore details of all significant echocardiographic findings, impact and classification are summarized for individual consideration.
We did not assess the impact of TOE-directed changes in surgical management on patient outcome. It seems evident that many patients in our study would have benefited by echocardiographic-directed changes in surgical management such as avoidance of open chamber procedures (mitral valve replacement or thrombectomy) and removal of intra-cardiac and pulmonary thrombi. The value of coronary artery graft revision is more problematical since SWMA after CPB may be due to myocardial stunning rather than inadequate revascularization, and repeat aortic cross-clamping and cardioplegia administration may increase morbidity. However the immediate resolu- 291 
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To demonstrate a clinical benefit of routine TOE on patient outcome, large scale randomized studies are required. However such studies would present many logistic problems. A very large number of patients would be required due to the low incidence of clear endpoints (such as myocardial infarcts, death, major stroke), and it would be necessary to develop protocols for the clinical responses to various TOE findings. In addition, ethical problems, such as in which patients or clinical emergencies would it be appropriate to withhold TOE if it were available, would need to be addressed.
The potential beneficial impact of routine TOE in adult cardiac surgery may have been underestimated in our study for a number of reasons. First, we only considered the impact of TOE on the surgical management of our patients. In many cases information from TOE was very useful in their anaesthetic management. Monitoring of the short axis crosssection of the LV was useful in guiding fluid, inotrope and anti-ischaemic therapy, particularly in patients after CPB with poor LV function or abnormal electrocardiograms. Previous studies have shown that changes in LV preload in patients undergoing cardiac surgery are more accurately estimated by echocardiography than pulmonary capillary wedge pressure measurements [1] [2] [3] , and that the development of acute SWMA in patients undergoing cardiac surgery is a more sensitive monitor for the detection of myocardial ischaemia, and more predictive of outcome than ECG 19, 20 .
Second, by excluding patients identified by the surgeons as most likely to benefit from TOE (requested TOE group), routine TOE was performed on a group of patients considered to be a low yield group, rather than a random group of cardiac surgical patients. This would apply especially to the routine TOE patients undergoing CABG, as according to the guidelines of the Society of Cardiovascular Anesthesiologists Ad Hoc Task Force on parameters for TOE 21 , these patients would only have had Category II indications for perioperative TOE. The requested TOE group proved to be a very high yield group since 53 of 54 patients had significant TOE findings and 22% had essential echocardiographic findings.
Third, we have only considered intraoperative TOE. TOE has rapidly become the preferred diagnostic investigation for unexplained haemodynamic deterioration in the early postoperative period after cardiac surgery 22 because transthoracic imaging in this setting is often difficult.
Increasing availability of TOE may also allow decreased use of pulmonary catheterization with its associated complications [23] [24] [25] . Additionally, in the near future, application of myocardial contrast echocardiography may further increase the utility of intraoperative TOE by allowing direct confirmation of coronary revascularization and cardioplegia delivery 26 .
Although much of the impact of this study lies outside the customary role of anaesthetists in the detection of myocardial ischaemia and monitoring of haemodynamics, there are a number of advantages in appropriately trained, experienced cardiac anaesthetists performing perioperative TOE. To be used effectively in clinical decision-making, echocardiographic assessment must be continuously integrated with clinical status, surgical manipulations, anaesthetic drug administration and data from other monitors. For example the severity of mitral regurgitation is very dependent on afterload. The cardiac anaesthetist is ideally suited for this role. In addition, cardiac anaesthetists are available in the operating room at all times to utilize echocardiography for diagnosis during unexpected critical events.
The costs involved with setting up an intraoperative TOE service are substantial. However, because TOE has a very low morbidity 21 and can alter the conduct of cardiac surgery and outcome in certain subgroups, a recent analysis has found routine TOE during cardiac surgery to be cost-effective 27 . Although we found no evidence of gastrointestinal bleeding or aspiration in our study, a recent report of an association between intraoperative TOE and swallowing difficulties 28 after cardiac surgery needs to be further examined.
In conclusion, we have demonstrated that intraoperative TOE has a significant impact on cardiac surgical management by providing unique and timely diagnostic information in a wide variety of cardiac surgical procedures and critical events. Routine TOE in a perceived low yield group of cardiac surgical patients detected potentially important diagnostic information in 21% of patients. In 6% of patients the information led directly to a change in surgical management. Our data suggest that intraoperative TOE may be a valuable tool in the routine management of adult cardiac surgical patients.
